Introduction
For adults proven benefits of recombinant human (rh) growth hormone (GH) (rhGH) replacement therapy have been demonstrated in those with severe GH deficiency (GHD) [1] [2] [3] [4] . The diagnosis of GHD in adults remains challenging, since there is no single specific biological end point equivalent to growth failure in children. Current consensus guidelines recommend GH treatment for adults with severe GHD, defined arbitrarily by a GH peak to an insulin tolerance test (ITT) of ! 3 g/l (9 mU/l) [5] . However, an ITT may be contra-indicated because of ischaemic heart disease or epilepsy, and although there is a wide variety of alternative tests, there remains a lack of normative data to enable test-specific diagnostic cut-off values to be defined. It is also imperative that a single diagnostic threshold for the GH assay is not applied across laboratories, as different assays may be in use. Furthermore, interpretation of test results in specific situations such as obesity and old age remains problematic.
The most common causes of adult-onset GHD (AO-GHD) are pituitary and extrapituitary tumours and/or their treatment [6] . In children, GHD is most commonly
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The identification of adults with severe growth hormone (GH) deficiency (GHD) is not straightforward. The insulin tolerance test remains the gold standard diagnostic test, although other stimuli such as GH-releasing hormone-arginine are gaining acceptance. Insulin-like growth factor-I has a poor diagnostic sensitivity in adult-onset GHD, but is more useful in the subgroup of adults with childhood-onset GHD. Therapeutic developments include increasing recognition of the need to continue GH therapy beyond final height in young adults with severe GHD on retesting. Consensus guidelines have provided a useful algorithm to identify individuals requiring retesting and the number of tests needed. The concept of partial GHD, recognized by paediatric endocrinologists for many years, is being examined in adults with hypothalamic-pituitary disease. Preliminary evidence suggests that this entity is associated with metabolic and anthropometric abnormalities intermediate between those in severe GHD and in healthy controls. It remains to be seen whether this subgroup will derive benefit from GH therapy. To date, therapeutic benefits of GH have been demonstrated only in adults with severe GHD. It is, therefore, imperative that these individuals are unequivocally identified; the diag-Individuals with CO-GHD should have their GH status reassessed after attainment of final height (FH). Currently, continuation of rhGH therapy is indicated only when severe GHD, using adult criteria, is documented on retesting [8] . A significant proportion of individuals treated for GHD during childhood will not meet these criteria [4, 10] . This may be due to the different criteria for the diagnosis of GHD in children versus adults (all degrees of GHD vs. only severe GHD), poor reproducibility of diagnostic tests [11] , misdiagnosis of constitutional delay in growth and puberty as idiopathic GHD, or indeed because a 'transient' state of GHD truly exists in childhood. Guidelines from the GRS recommended that GH retesting was unnecessary in individuals with severe long-standing multiple pituitary hormone deficits (MPHD), genetic defects, and severe organic GHD [8] . However, a recent study of 73 adolescents with CO-GHD secondary to cranial irradiation [12] found that 48% of them were not severely GHD on retesting. Of 33 individuals who had been diagnosed with severe GHD at initial testing in childhood, only 64% were severely GHD on retesting. The authors [12] concluded that retesting at FH should be performed in all adolescents treated with rhGH for radiation-induced CO-GHD.
Radiology of the hypothalamic-pituitary (H-P) region using magnetic resonance imaging may also be helpful in determining the requirement for retesting at FH. Maghnie et al. [13] found that GHD was permanent in the presence of pituitary hypoplasia, pituitary stalk agenesis, or ectopic posterior pituitary (EPP). These authors felt that retesting was, therefore, not required in these young adults; however, a more recent study [14] highlighted the importance of the precise location of the EPP in determining the risk of permanent GHD. Of 18 individuals with GHD associated with EPP, only 61% had severe GHD by adult criteria on retesting. Leger et al. [14] demonstrated that location of the EPP at the median eminence rather than along the pituitary stalk, no visible stalk, and MPHD rather than isolated idiopathic GHD were all predictors of severe GHD on retesting and potentially represented the real subgroup, radiologically defined, in whom retesting was unnecessary.
A consensus statement from the ESPE [15] on the management of GHD during the transition period recommended that re-evaluation of GH status at FH should be performed after rhGH has been discontinued for at least 1 month. Furthermore, the authors stated that the criterion used to define adult GHD, namely peak GH ! 3 g/l to an ITT, is too strict for the transition period. It is, therefore, proposed that the peak GH response for defining GH status in adolescents be 5 g/l; differential peak GH thresholds according to the choice of provocative test have not yet been stipulated, despite the known variability of the GH response to different stimuli [15] . It should be noted that whilst the ITT is recommended as first line, suggested alternative stimuli are arginine or glucagon [5, 15] . Combined administration of GH-releasing hormone (GHRH) and arginine is thought to be a promising alternative in adults, but perhaps is less so during transition [4, 5] . In isolated CO-GHD, the hypothalamus is believed to be the site of abnormal pathophysiology rather than the pituitary [4] . A normal response to GHRH in combination with either arginine or pyridostigmine may not reliably rule out GHD due to hypothalamic dysfunction, since these tests are exploring the pituitary secretory capacity [16] . However, more recently, Aimaretti et al. [17] evaluated the diagnostic use of the GHRH-arginine test during the transition period. All individuals had received rhGH in childhood, with GHD diagnosed by a peak GH response ! 10 g/l to two provocative tests. Using a cut-off of 9 g/l on retesting (1st centile limit for this population), 94% of the individuals with organic hypopituitarism and 52.1% of those with isolated idiopathic GHD retested as severe GHD. All subjects with severe GHD confirmed after the GHRH-arginine test also had a peak GH ! 3 g/l after an ITT. The authors concluded that GHRH-arginine was as reliable as an ITT, provided that appropriate cut-off values were used. However, since an ITT was only performed in those who failed the GHRH-arginine test, some individuals with isolated idiopathic GHD and consequently hypo-thalamic dysfunction may have had persistent severe GHD which will have been missed due to reliance on the GHRH-arginine test alone [17] .
Current recommendations for retesting at FH suggest that individuals with a high likelihood of GHD with an insulin-like growth factor-I (IGF-I) standard deviation score (SDS) below -2 off rhGH therapy do not need a GH provocation test. Only those with a normal IGF-I SDS or a low likelihood of GHD should have a provocation test. In the 'low-likelihood' group, the diagnosis of persistent severe GHD is only confirmed if both the IGF-I and the provocation test are abnormal [15] . A 'high likelihood' of GHD is defined as severe GHD in childhood, due to a genetic cause, structural H-P disease, or central nervous system tumours, or as severe GHD in those who received high-dose cranial irradiation. Attanasio et al. [18] demonstrated that 16.2% of the individuals with severe CO-GHD were discordant for the two tests on retesting. The precise GH status of these individuals is not known.
Assessment of GHD in Adults
Biochemical testing for GHD should be performed when there is a high probability of H-P disease and clinical features consistent with GHD [5] . Despite the lack of a specific biological end point in AO-GHD, assessment of GH status is aided by the known pattern of evolution of anterior pituitary dysfunction in organic H-P disease. GHD is the earliest feature of hypopituitarism [19] , and its presence is related to the number of additional pituitary hormone deficits (PHDs). Patients with two or more PHDs have an 87-91% chance of having severe GHD on an ITT [20] [21] [22] . Toogood et al. [20] also demonstrated an increasing severity of GHD, as assessed by a decreasing peak GH response to an ITT, with increasing numbers of additional PHDs [peak 3.8 ng/ml (isolated GHD), 1.5 ng/ ml (GHD + 1 PHD), 0.8 ng/ml (GHD + 2 PHDs), and 0.7 ng/ml (GHD + 3 PHDs)]. This has been confirmed by other investigators [23] .
Provocative Tests of GH Secretion in Adults
The ITT remains the choice for diagnosis of GHD in adults [5, 15] and allows concomitant assessment of the pituitary-adrenal axis. A nadir blood glucose level ! 2.2 mmol/l is generally regarded as sufficient to provoke GH secretion. Hoffman et al. [24] found a clear separation of peak GH responses to the ITT between hypopituitary ( ! 0.2-3.1 ng/ml) and normal middle-aged adults (5.3-42.5 ng/ml). There were no differences in age, sex distribution, or body mass index (BMI) between the groups. Using a cut-off value of 5 ng/ml, the ITT was shown to have a 97% specificity, a 100% sensitivity, a 99% positive predictive value, and a 100% negative predictive value for the diagnosis of GHD in adults [25] .
A number of other provocative tests have been evaluated, including arginine, glucagon, clonidine, levodopa, and GHRH, either alone or in combination with other agents. The ITT provides a much more profound stimulus to GH release than glucagon, arginine, or clonidine in young normal males [26] ; clonidine was no better than placebo, whilst glucagon proved a more potent stimulus than arginine [26] . Aimaretti et al. [27] found that the peak GH response to an ITT was similar to that of arginine and glucagon in a cohort of normal adults, with the response to clonidine being much lower. Their study differed from that of Rahim et al. [26] , in that not all adults underwent all tests, and secondly, the study cohort consisted of both males and females. Although there was no gender difference in the GH response to the ITT, glucagon, or clonidine, women had a significantly higher peak response to arginine, thought to be due to an enhancing effect of oestrogens [27] . The arginine stimulation test has been shown to have a significantly lower specificity than the ITT [28] .
Although the ITT is regarded as the gold standard, its disadvantages are that it is unpopular with patients [22] , and there are several contra-indications to its use. Adequate supervision is essential during the test, and it should only be performed in experienced endocrine units. The ITT has also been shown to have poor intra-individual reproducibility on repeated testing in healthy individuals [29, 30] . In several of the normal women investigated by Hoeck et al. [29] , at least one of two ITTs produced a peak GH ! 5 g/l, illustrating that a single provocative test may be inadequate to exclude GHD, particularly in women. The intra-individual variability of the GH response to the ITT is much lower in hypopituitary as compared with normal men [31] . As with the study of Hoeck et al. [29] , testing in men correctly classified normal subjects as being GH replete, with an overall range of peak GH values across all three ITTs performed of 70-273.5 mU/l [31] . Poor reproducibility is also a problem with other provocative tests of GH secretion [32] .
Like the ITT, GHRH plus arginine distinguishes between normal and hypopituitary adults of all ages and appears superior to the GHRH-pyridostigmine test which only provides a clear differentiation between the ages of 20 and 40 [33] . In this study, there was a range of 16.1-119.0 g/l for GHRH-arginine in normal subjects, with the highest value in the hypopituitary group being 9.5 g/l. Arginine and pyridostigmine potentiate GHRH activity by inhibiting somatostatin release. The ITT and GHRH-arginine produce the best separation between subjects with MPHD and controls as compared with arginine, levodopa, and arginine plus levodopa in subjects matched for age, sex, BMI, and oestrogen status [22] . GHRH-arginine appears to have a good intra-and interindividual reproducibility [34] and produces a much greater peak GH response than an ITT [22, 27, 35] . Aimaretti et al. [27] defined first-and third-centile normative limits for the peak GH response to the various stimuli investigated in normal adults, in order to establish test cut-off values for the diagnosis of severe GHD. The firstcentile limit for GHRH-arginine was 15.2 g/l, and for the ITT it was 3.8 g/l which is very close to the 3 g/l threshold recommended by the GRS [5] . For arginine, the threshold was 2.7 g/l and for glucagon, rather surprisingly, 7.1 g/l [27] . A diagnostic cut-off value of 9 g/l for GHRH-arginine has been used in our unit [35] and by others [36] , as previously suggested by Aimaretti et al. [37] . Biller et al. [22] , however, found that a lower cut-off of 4.1 g/l using GHRH-arginine produced the best sensitivity (95%) and specificity (91%) for the diagnosis of GHD as compared with a sensitivity of 96% and a specificity of 92% using a cut-off of 5.1 g/l to an ITT [22] . This suggests that GHRH-arginine can be as sensitive as the ITT, provided appropriate cut-off values are used, and a lower cut-off can maximize the diagnostic specificity.
GHRH-arginine and GHRH-pyridostigmine tests should only be used where there is reasonable certainty that the patient has pituitary rather than hypothalamic disease. Whilst the pituitary is believed to be the main site of involvement in the majority of individuals with AO-GHD, hypothalamic involvement is more likely in those whose GHD is secondary to cranial irradiation [35, 38] . Although hypothalamic dysfunction is an early effect after irradiation, somatotroph function declines gradually with time. The combined GHRH-arginine test may, therefore, fail to diagnose GHD, particularly if performed in the first 5 years after irradiation [35] . In fact, the risk of misclassification of GH status may persist for as long as 10-15 years. However, over time, the discordance between the ITT (showing a reduced response) and GHRH-arginine test (showing a preserved response) diminishes. The poor sensitivity of the combined test in the early years after cranial irradiation has recently been confirmed in a study of young adults [36] .
Another diagnostic test for GHD which has been well validated is the combination of GHRH and GH-releasing peptide-6 (GHRP-6) [6, 39] . GHRP-6 is a synthetic hexapeptide which is thought to activate both a hypothalamic and a pituitary receptor [40] . In a study of 125 individuals with organic H-P disease with confirmed severe GHD (GH peak after ITT ^ 3 g/l) and 125 age-matched controls, this test had 100% sensitivity, based on a peak GH threshold of 20 g/l, and 100% specificity, based on a threshold of 10 g/l [39] . The two thresholds were suggested since complete separation of patients and controls did not occur, 12% of cases having values between 10 and 20 g/l. As with the combined GHRH-arginine test, this test may be best limited to those with pituitary disease, since the GH response may be preserved in patients with hypothalamic dysfunction [41] . Popovic et al. [39] suggested that for patients with a peak GH response of between 10 and 20 g/l, further stimulatory testing and evaluation of clinical information may be necessary, as the GH status was uncertain.
Role of IGF-I in the Assessment of GHD in Adults
It is now widely accepted that circulating IGF-I concentrations do not reliably distinguish between GH-deficient and normal adults in all age groups [4, 22, 24, 33, [42] [43] [44] . Serum IGF-I concentrations must be interpreted using age-adjusted normal ranges, since adult levels decline with increasing age [45] . In adults with severe GHD between 20 and 40 years of age, the overlap of IGF-I concentrations with normal subjects is much lower (8.6%) as compared with those aged 41-60 years (50%) and 61-80 years (92.3%) [33] . Therefore, IGF-I is a very useful diagnostic marker for GHD in adults ! 40 years of age [33, 42] . A multicentre study of patients with AO-H-P disease and MPHDs ( 6 2), who were, therefore, assumed to have GHD, found that an IGF-I cut-off of 77.2 g/l had a 95% specificity for the diagnosis of GHD, with a sensitivity of 40% [22] . An IGF-I SDS cut-off of -2 in the same study yielded a specificity of 100% and a sensitivity of 46%. Thus, a subnormal IGF-I is highly suggestive of GHD in adults, but a normal level does not exclude the diagnosis. Naturally the cut-off level given in this study was specific to this particular laboratory and cannot be extrapolated to other centres. Although IGF-I SDS values in individuals with AO-GHD frequently overlap with those of normal subjects, this overlap has been shown to be limited mainly to the lower half of the age-related IGF-I reference range ( fig. 1 ) [46] .
It has now become clear that the timing of onset of GHD influences the circulating IGF-I level [47] . In cohorts of adults with severe GHD, IGF-I levels are significantly lower in CO versus AO disease; Hilding et al. [43] found that 34% of the individuals with AO-GHD had IGF-I values within the normal range, whilst in adults with CO-GHD, all IGF-I values fell below -2 SDS. The lower level in CO-GHD is not due to increased severity of disease [47] . Lissett et al. [47] compared IGF-I levels in adults with CO-GHD (n = 63) and AO-GHD (n = 83). All patients were subdivided by severity of GHD, as measured by the peak GH response to an ITT ( ^ 1 mU/l, 1 1-3 mU/l, 3-6 mU/l, and 1 6-8.9 mU/l). In the first three subgroups (more severe), the IGF-I SDS values were significantly lower for CO-GHD versus AO-GHD, despite the fact that there was no difference in mean peak GH response to the ITT for CO-GHD and AO-GHD patients within each group. The authors have hypothesized about the reasons for this innate difference in circulating IGF-I concentrations between CO-GHD and AO-GHD. Either the onset of GHD early in life somehow alters the IGF-I responsiveness to GH, or AO-GHD patients, who have a higher BMI than CO-GHD patients, have higher insulin levels, known to stimulate IGF-I production. In a larger study of 1,317 adults with GHD, multiple regression analysis confirmed that the age at onset of GHD was the most important determinant of IGF-I SDS values [48] . Prolactin deficiency may also contribute to the variation in adult IGF-I levels [49] ; multiple regression analysis showed that CO-GHD and prolactin deficiency were independently associated with a reduced IGF-I status. Gender, BMI, and number of additional PHDs had no independent association with IGF-I. GH and prolactin share structural homology and common signaling intermediates; it can be hypothesized that in prolactin-replete individuals, in the absence of GH, prolactin stimulates IGF-I production. Alternatively, prolactin deficiency may purely be a surrogate for the severity of GHD [49] .
Other Biochemical Tests Used to Diagnose GHD in Adults
The use of serum insulin-like growth factor binding protein-3 measurement, 24-hour GH profiles, and urinary GH measurement has been reviewed previously [4] . In practice, insulin-like growth factor binding protein-3 has contributed nothing diagnostically to the investigation of GH status in the adult patient due to the marked overlap with the range of values seen in normal subjects. Twenty-four-hour GH profiles are a true measure of spontaneous GH secretion, but are labour-intensive and costly, requiring blood samples to be taken at least every 20 min. The mean integrated 24-hour GH concentration does not reliably separate GHD from normal adults [24, 50] . Its main use is, therefore, as a research tool in the study of GHD. There has been considerable interest in urinary GH measurement over the years, largely due to the non-invasive nature of this test. However, it has not been found to be a reliable diagnostic marker of GHD, particularly in older patients [4, 21, 51, 52] .
How Many Stimulation Tests Are Required for the Diagnosis of GHD?
In adults with two or three additional PHDs, in whom the likelihood of GHD being present is extremely high, only one provocative test of GH secretion is required for the diagnosis of severe GHD [4, 53] . Those with only one or no additional PHD require two provocative tests, since the chance of misclassification of GH status by a single test is high in these individuals [53] .
A more recent study [23] has shown that in adults with severe GHD, as measured by a response to a GH stimulation test of ! 2.5 g/l, the presence of either three or more additional PHDs (gonadotrophins, adrenocortcotrophic hormone, thyroid-stimulating hormone, and arginine vasopressin) or a serum IGF-I concentration ! 84 g/l has a 95% positive predictive value for GHD, the specificity being 89% and the sensitivity 69%. The authors recommend that individuals fulfilling either of these criteria do not require stimulation testing for the diagnosis of GHD. However, it should be noted that this particular IGF-I cutoff applies only to the assay used in the study. Furthermore, eleven different stimulation tests were used, only 11.4% of patients undergoing an ITT. To compensate for this, the authors used a stricter GH threshold of 2.5 g/l.
Difficulties with the Diagnosis of GHD in Obese Individuals
Obesity is associated with reduced GH concentrations, due to a combination of decreased GH production and increased clearance [54] . GH secretion may be normalized by weight loss [55] . Furthermore, adults with GHD have increased body fat, particularly central abdominal fat, and are insulin resistant [6] . This makes the distinction between individuals with simple obesity and those with organic GHD extremely difficult.
Obese men produce 75% less GH over a 24-hour period as compared with age-matched non-obese controls [54] . The results of GH provocative testing need to be interpreted with caution in those with even modest elevations of BMI [4] . Bonert et al. [56] examined the peak GH following GHRH-arginine in healthy males and found a subnormal response in 13% with a BMI 25-26.9, in 33% with a BMI 27-29.9, and in 64% with a BMI 6 30. Abdominal visceral fat, rather than total fat mass or percentage body fat, appears to be the major determinant of 24-hour integrated GH concentration, independently of age and gender [57] . This may be due to negative feedback at the H-P axis by insulin and free fatty acids from the increased abdominal visceral fat. The contribution of visceral adiposity in determining GH levels was recently confirmed by Miller et al. [58] . The authors studied 15 healthy women with a normal BMI and found that GH levels were significantly lower in the subgroup with high versus low truncal fat.
Difficulties with the Diagnosis of GHD in the Elderly
There is a decrease in GH secretion with increasing age, causing potential difficulties in discriminating between healthy and GHD elderly adults. In one study [57] , older subjects (aged 57-80 years) had an approximately 50% lower 24-hour integrated GH concentration as compared with younger adults (aged 20-29 years). Spontaneous GH secretion falls by 14% per decade of adult life [59] . Normal ageing is associated with body composition changes similar to those evident in GHD [4, 60] . Old age can be considered a state of functional GH insufficiency (GHI). However, to date, there is no conclusive evidence that rhGH offers any significant long-term therapeutic benefit in the hyposomatotropism of ageing, and the risk of adverse events is high [61] .
Identification of GHD in elderly individuals with H-P disease is important, since they do have changes in body composition, abnormal lipid profiles, and impairment of quality of life similar to those in younger adults [62] , and many of these clinical characteristics improve with rhGH therapy [60, 62, 63] . The presence of GHD in these older individuals ( 1 60 years) causes a greater reduction in GH secretion than that which occurs simply with ageing [51, 64] . In the study of Toogood et al. [64] , GH secretion in GHD subjects 1 60 years, measured by median area under the curve of the 24-hour GH profile, was only 12% of that in healthy age-, gender-, and BMI-matched controls. The peak GH concentrations, although significantly lower in patients than in controls, still overlapped between the two groups. The ITT is best avoided in adults 1 60 years old, due to a potential increase in morbidity and mortality [4] , and suitable alternatives may be the GHRH-arginine test, which showed complete separation between GHD and healthy elderly individuals [34] , the arginine stimulation test, provided at least two additional PHDs are present [65] , and potentially the GHRH-GHRP-6 test which is unaffected by age [39] . Like GH, IGF-I levels decrease with age and are unhelpful in the diagnosis of GHD in elderly subjects, due to significant overlap between GHD patients and healthy controls [33, 51, 65] .
Partial GHD in Adults
The concept of 'partial' deficiency is widely accepted in endocrinology for hormones such as arginine vasopressin, gonadotrophins, adrenocorticotrophic hormone, or thyroid-stimulating hormone. Similarly, GH secretion occurs across a continuum between normality and abnormality, and it is, therefore, logical to assume that a state of partial GHD (GHI) exists in adults with H-P disease. Further support for this diagnosis in adults is provided by the fact that GHI in childhood has been recognized for many years. Since severe GHD is defined by an arbitrary cut-off of 3 g/l on an ITT, and most normal adults have a peak GH response 1 7 g/l, GHI is defined by an intermediate response of 3-7 g/l. Using the GHRH-arginine test, GHI is defined by a peak response of between 9 and 21 g/l [66] .
Recently, it has become clear that adolescents with evidence of GHI on retesting at FH exhibit an abnormal body composition as compared with those retesting normal [67] . Furthermore, these characteristics deteriorate after 1 year off rhGH in the GHI subgroup, remaining unchanged in normals [67] . It has now been demonstrated that partial GHD in adults is associated with changes in body composition (reduced lean body mass and increased percent fat mass, waist-to-hip ratio, and skinfold thickness) [66] and lipid abnormalities (elevated total and low-density lipoprotein cholesterol) [68] , intermediate between those seen in GHD adults and healthy controls. Patients with GHI, whether of childhood or adult onset, have no significant impairment of bone mineral density [69, 70] .
Individuals with GHD and GHI have similar degrees of insulin resistance, compared with age-, sex-, and BMImatched controls [71] . In this study, although the subjects were matched for BMI, total body fat and truncal fat mass were greater in the two patient groups as compared with the controls. Indeed, increased abdominal fat (indicative of visceral adiposity) is thought to be the major determinant of insulin resistance, rather than the BMI [72] . It is, therefore, highly probable that patients with GHI, like those with GHD, are at increased risk of premature vascular disease, due to the presence of features of the metabolic syndrome.
Although these group studies have indicated changes in biological end points in GHI, the difficulty of making this diagnosis in an individual patient is considerable. Visceral obesity is associated with reduced serum GH concentrations, and there is, therefore, an inherent risk of misdiagnosing GHI in obese but otherwise 'normal' subjects. Moreover, the majority of GHI individuals have no additional anterior PHDs and a normal IGF-I value, making it even more difficult to establish with any certainty that a patient with a putative insult to the H-P axis has impaired GH status [73] . Furthermore, the question of whether an individual demonstrated to have GHI would benefit from rhGH replacement remains unproven. Improvements in body composition with rhGH could not be regarded as offering any diagnostic implications, as similar changes would be anticipated in those with normal GH status. At the very least, patients in whom the diagnosis of GHI is suspected require prolonged follow-up. The key summary points are also shown in table 1 . For the diagnosis of severe GHD in adolescents at FH, the ESPE guidelines recommend a GH cutoff of 5 g/l to any provocative test
The ESPE guidelines recommend that provocative retesting of the GH status at FH is unnecessary in those with a high likelihood of severe GHD and an IGF-I SDS below -2 GHRH combined with either arginine or GHRP-6 may be useful alternatives to the ITT for the diagnosis of severe GHD of pituitary rather than hypothalamic origin Serum IGF-I has poor diagnostic sensitivity in AO-GHD, but can be very helpful in adults with CO-GHD An individual is more likely to have severe GHD in the presence of MPHDs
The diagnosis of severe GHD can be extremely difficult in obese or older individuals, especially in the absence of additional PHD Partial GHD is associated with metabolic and anthropometric abnormalities intermediate between severe GHD and healthy controls, but the benefits of rhGH therapy in this condition remain uncertain For accurate diagnosis of GHD, each laboratory must define stimulus-specific reference ranges
Conclusions
The ideal test for diagnosing severe GHD is one which distinguishes between health and disease on an individual basis, has good reproducibility and tolerability, is not significantly affected by age, gender or adiposity, and is relatively simple to perform. The potency of the stimulus during a provocative test is also critical, so that there should be a pronounced GH response in normals, with few individual failures. Serum measurement of IGF-I is helpful in CO-GHD; however, in AO-GHD, a normal age-and sex-adjusted IGF-I level does not exclude the diagnosis of severe GHD, although a low result is useful for screening.
The ITT has suffered much criticism over recent years, but there is considerable experience in its use; the stimulus (insulin) is available in every endocrine unit, it enables simultaneous assessment of adrenocorticotrophic hormone secretion, and it is still the diagnostic test recommended as first-line procedure by the GRS [5] . GHRH in combination with arginine or GHRP-6 provides a more reproducible, potent alternative to the ITT in AO-GHD. However, these tests have not yet been widely used across the endocrine community, and moreover GHRP-6 is not easily available. The GRS advocates international standardization of GH assays [5] . Furthermore, it is imperative that each endocrine laboratory defines its own stimulus-specific reference ranges by studying the local population, rather than simply adopting diagnostic cut-off values used in other centres.
Defining GHD clinically in adults with hypopituitarism is not always straightforward, particularly since phenotypic features of the adult GHD syndrome are nonspecific. It is only in adults with severe GHD that the benefits of rhGH therapy have been demonstrated, and these individuals, therefore, need to be identified. In general, the younger and slimmer the patient, plus the presence of multiple additional PHD, the more severe the GHD and the more certain the diagnosis. In contrast, in older or more obese patients, with no additional PHD, the less severe is the GHD and the more difficult the diagnosis.
